Ultrastructural studies of oogenesis in oocytes, oocyte degeneration associated with the follicle cells in female Coecella chinensis were investigated for clams collected from Namhae, Geongsangnam-do, Korea. In this study, vitellogenesis during oogenesis in the oocytes occured by way of endogenous autosynthesis and exogenous heterosynthesis. Of two processes of vitellogenesis during oogenesis, the process of endogenous autosynthesis involved the combined activity of the Golgi complex, mitochondria and rough endoplasmic reticulum. whereas the process of exogenous heterosynthesis involved endocytotic incorporation of extraovarian precursors at the basal region of the oolema of the early vitellogenic oocytes prior to the formation of the vitelline coat. It is assumed that the follicle cells were involved in the development of previtellogenic and early vitellogenic oocytes and appear to play an integral role in vitellogenesis in the early and late vitellogenic oocytes by endocytosis of yolk precursors, and also they were involved in oocyte degeneration by assimilating products originating from the degenerated oocytes, thus allowed the transfer of york precursors needed for vitellogenesis (through phagocytosis by phagolysosomes after spawning). Follicle cells presumably have a lysosomal system for breakdown products of oocyte degeneration. and for reabsorption of various phagosomes (phagolysosomes) in the cytoplasm for nutrient storage during the period of oocyte degeneration.
INTRODUCTION
The intertidal clam, Coecella chinensis (Mesodesmatidae) is an environmentally important edible bivalves in East Asian countries, including Korea, China, and Japan. In Korea, this species is found mainly in silty sand at the intertidal zone in the coastal waters of Namhae, Jollanam-do, Korea (Kwon et al., 1993; Min et al., 2004) . Due to past reclamation project in the south coast of Korea, it has been identified as an environmental resource that should be gametogenesis and sexual maturation (Chung et al., 1987; Chung and Ryou, 2000; Kim et al., 2013) , distribution (Kwon et al., 1993) .
To date, regarding C. chinensis, several studies have been conducted on aspects of reproductive ecology, including artificial discharge of reproductive substance (Iwata, 1948) , propagation (Kim et al., 2013) , reproductive cycle (Kim et al., 2013) .
Despite this, there are still gaps in our knowledge regarding its reproductive biology of this species.
Above all, studies on the process of vitellogenesis by oocyte developmental stages in oocytes during oogenesis, and the functions of the follicle cells associated with oocyte degeneration are required to understand reproductive biology of C. chinensis. In many bivalve species, it is well known that the ovaries contain follicle cells (or auxiliary cells), a kind of accessory cells, that play a role in the storage, and synthesis of yolk precursors during oogenesis (Chung, 2008) . After spawning, in general, oocyte degeneration is a commonly observed phenomenon in degenerating oocytes in most bivalve species. Regarding oocyte degeneration which is known as atresia, several authors (Pipe, 1987; Dorange and Le Penec, 1989; Gaulejac et al., 1995; Chung et al., 2005; Chung, 2008) reported that after spawning, the products of lysis Accordingly, in this study, the functions of the follicle cells, which play an important role in the resorption of the lysis products of artretic oocytes of this species, should be investigated in further detail. Therefore, the purpose of present study is to describe oocyte development, vitellogenesis in the oocyte, and the functions of follicle cells during oogenesis and oocyte degeneration. In addition, the aim of this study is to clarify the reproductive mechanism on vitellogenesis of C. chinensis using cytological methods. The results of ultrastructural studies of the various cells of this species will provide important information on its reproductive mechanisms of yolk formation.
MATERIALS AND METHODS

Sampling
Female specimens of C. chinensis were collected monthly in the intertidal zone of Namhae, Jollanam-do, Korea, from January to December, 2008.
The clams were then transported to the laboratory where they were maintained in seawater at 20°C. (Fig. 1A) .
2) Previtellogenic oocytes:
In the first prophase of meiosis, oogonia develop into the previtellogenic oocytes. Previtellogenic oocytes are small and oval in shape, containing a nucleolus in the nucleus. In particular, these oocytes are slightly 
3) Vitellogenic oocytes:
As the further development of previtellogenic oocytes proceeded, the oocytes developed into vitellogenic oocytes by the meiotic division. At this stage, for convenience, the vitellogenic oocyte can be divided into two vitellogenic oocytes: (1) the early vitellogenic, and (2) late vitellogenic oocytes.
(1) Early vitellogenic oocytes: At this stage, the oocytes continued to grow and differentiated. As the further development of previtellogenic oocytes proceeds, they develop into the early vitellogenic oocytes. In the early stages of oogenesis, the early vitellogenic oocytes measure 35-40 µm in diameter.
The Golgi complex is present in the perinuclear region and vacuoles are scattered in the cytoplasm of the early vitellogenic oocyte. At this time, the oocytes contain a number of the mitochondria and a few lipid droplets in the cytoplasm (Fig. 1C ).
When their oocytes are 30~35 µm in diameter, with the initiation of yolk formation, a number of lipid droplets, vacuoles, rough endoplasmic reticulum and (Fig. 1F) . By and by, the follicle cells gradually lose their intimate association with the oocyte surface, and the microvilli appear along the vitelline coat, where the follicle cells withdraw. In particular, the cytoplasm of the follicle cell is filled with a myelin-like organelle, the mitochondria and vacuoles ( Fig. 2A) . (Fig. 2C) ..
4) Mature oocytes:
As the further development of late vitellogenic oocytes proceeds, they develop into mature oocytes. In the mature oocytes, the thick vitelline envelope of the (Fig. 2D ).
5) Ultrastructure of degenerating oocytes:
The degenerating oocytes appear slightly irregular or polyhedric near the follicle cells, and are deformed by compression of the oocyte. In the degenerating oocytes, several degenerating yolk granules, lipid droplets, and a number of vacuoles are found in the cytoplasm. a number of vacuoles and lipid droplets are found in the cytoplasm of degenerating oocyte. As characteristics of oocyte degeneration, the mitochondria and yolk (Fig. 2F) .
DISCUSSION
Vitellogenesis in oocytes
The ultrastructural characteristics of oocyte development and vitellogeneis in oocytes during oogenesis of C. chinensis have first been investigated in this study. In particular, vitellogenesis in oocytes during oogenesis of this species showed similar phenomenona to other bivalve species such as Mytilus edulis (Pipe, 1987) , Pecten maximus (Dorange and Le Pennec, 1989) , Pinna nobilis (Gaulejac et al., 1995) , C.
verginica (Eckelbarger and Davis, 1996) , Patinopecten yessoensis (Chung et al., 2005) and Chlamys farreri farreri (Chung, 2008) . The process of vitellogenesis in the oocytes during oogenesis of C. chinensis was summarized in Fig.3 . In this study, in the early M. edulis (Pipe, 1987) , P. yessoensis (Chung et al., 2005) , C. (A.) farreri farreri (Chung 2008) . The attached follicle cells also showed cytological modifications as their cytoplasmic volume increased in C. virginica (Eckelbarger and Davis, 1996) and M.
Functions of follicle cells attached to the oocyte
edulis (Pipe, 1987) . (Pipe, 1987) and Pecten maximus (Dorange and Le Pennec, 1989) . In this study, morphologically similar phagosomes (lysosomes), which were easily observed in the cytoplasm of degenerated oocytes, also appeared in the follicle cells.
Thus, the follicle cells appear to play an integral role in vitellogenesis and oocyte degeneration. During the period of oocyte degeneration, the follicle cells function in phagocytosis and intracellular digestion of products originating from oocyte degeneration; these cells might also have a function associated with the induction of oocyte degeneration, and it is assumed that they are also active in the resorption of phagosomes (lysosomes) from the degenerated oocyte because lipid droplets and degenerating phagosomes appeared in the follicle cells.
In this study, the number of lipid granules gradually increased in follicle cells during gametogenesis; this function can permit a transfer of yolk precursors necessary for vitellogenesis and allow for the accumulation of reserves in the cytoplasm as glycogen particles and lipids, which can be employed by vitellogenic oocytes (Gaulejac et al., 1995) . However, it is assumed that the follicle cells, which are attached to degenerated oocytes, presumably have a lysosomal system for breakdown of ingested material, and they might be involved in the induction of oocyte degeneration, and might also resorb various degenerating phagosomes (lysosomes) in the cytoplasm for nutrient storage (such as lipid droplets) during oocyte degeneration, as seen in M. lusoria (Chung, 2007) .
Vitellogenesis in the oocyte and the functions of follicle cells during oogenesis
From the ultrastructural study of C. chinensis, vitellogenesis during oogenesis can be classified into two separated processes: autosynthetic and heterosynthetic yolk formations (Eckelbarger and Davis, 1996) . Vitellogenesis occurs through a process of autosynthesis, which involves the combined activity of the Golgi complex, mitochondria and rough endoplasmic reticulum. In contrast, Pipe (1987) reported endocytotic activity in the oocytes of M.
edulis, and Eckelbarger and Davis (1996) suggested an evidence for heterosynthetic yolk formation in the oocytes of C. virginica. In the present study, extraovarian precursors were found to be incorporated into oocytes by endocytosis at the basal region of the early vitellogenic oocytes which acts as evidence for heterosythetic yolk formation. Beside the process of heterosynthetic yolk formation by endocytosis, it is assumed that the follicle cells may be involved in supplying nutrients to vitellogenic oocytes in the process of heterosynthetic yolk formation.
Regarding the relationship between the follicle cells and the formation of microvilli on the oolemma of the oocyte, Pipe (1987) reported that once the follicle cells withdraw in M. edulis, the microvilli appear along the oolemma of the oocyte. In this study, the same phenomenone was observed as that shown in M. edulis (Pipe, 1987) and M. lusoria (Chung, 2007) . Therefore, it is suggested that the follicle cells, which are attached to the oolemma of the oocyte, play a role in the formation of the microvilli on the oolemma (Pipe, 1987) .
As shown in Fig. 3 , vitellogenesis showed a possibility of autosynthetic and heterosythetic yolk formation. The process of yolk formation by endogenous autosynthesis and exogenous heterosynthesis of C. chinensis were similar to those of C. virginica (Eckelbarger and Devis, 1996) and M.
edulis (Pipe, 1987) . (Pipe 1987) and P. maximus (Dorange and Le Pennec, 1989) .
Therefore, it is assumed that "this function can permit a transfer of yolk precursors necessary for vitellogenesis, and allows for the accumulation of reserves in the cytoplasm, as glycogen and lipids, which can be used by vitellogenic oocyte, as reported by Gaulejac et al. (1995) .
In this study, more specifically, morphologically similar phagosomes (lysosomes), which were easily observed also in the cytoplasm of degenerated oocytes, also appeared in the follicle cells of C. chinensis, as seen in M. lusoria (Chung, 2007) . Thus, the follicle cells appeared to play an integral role in vitellogenesis and oocyte degeneration: the follicle cells function in phagocytosis and intracellular digestion of products originating from oocyte degeneration through a lysosomal system (Chung, 2007) , as those seen in P.
nobilis (Gaulejac et al., 1995) and M. lusoria (Chung, 2007) .
Judging from the observations of the follicle cells, as shown in Fig. 3 , they probably perform a function associated with the induction of oocyte degeneration, and it is assumed that they also function in resorption of phagosomes from the degenerated oocyte because morphologically similar degenerating phagosomes (various lysosomes), which were observed in the degenerated oocyte, appeared in the follicle cells.
Therefore, it is assumed that the follicle cells, which are attached to degenerated oocytes, may be involved in the induction of oocyte degeneration and resorption of degenerating phagosomes (lysosomes) by the lysosomal system.
Fates of the gametes
The presently observed gamete resorption phenomenon in the follicles attached to the oocyte after spawning has been described previously in P.
yessoensis (Chung et al., 2005) and M. lusoria (Chung, 2007) . Regarding reproductive energy allocation to the production of gametes, Morvan and Ansell (1988) reported that "the continuous production and resorption of gametes may be regarded as an adaptation to environmental temperature and food availability". "If the reproductive energy allocated to the production of gametes is too large, nutritive reserves cannot be provided to all eggs to reach their critical size for spawning". In this case, "the products of gamete atresia would be reabsorbed, and the energy would be reallocated to still developing oocytes or used for other metabolic functions by the bivalves" (Dorange and Le Pennec, 1989) . Therefore, it is assumed that C.
chinensis must possess a physiological mechanism on the products of gamete atresia for resorption of gamates, and use nutritive reserves originated from hopeless gametes, as seen in other mollusks (Morvan and Ansell 1988, Mortavkine and Varaksine, 1989; Dorange and Le Pennec, 1989 , Chung et al., 1987 , 2005 2006 Chung and Ryou, 2000; Chung, 2007) .
